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Abstract
In 2010 a case of a dual infection with Legionella pneumophila serogroup (sg) 1 and sg 3 was identified by culture of a blood sample collected
from a female Austrian patient with septic pneumonia. Subsequently all 35 European National Legionella Reference Laboratories were
interviewed regarding the frequency of dual infections in legionellosis. The Reference Laboratories in Denmark, the UK and Germany
reported the detection of another 14 cases of dual infections with different Legionella strains between 2002 and 2012. Among the 15 cases,
there were four cases with different Legionella species, six cases with different L. pneumophila serogroups, and five cases of dual infections
with L. pneumophila sg 1 with different MAb-types. The median age of the 15 cases was 56 years and the male to female ratio 1:1.14. Six of
the 15 patients were receiving immunosuppressive treatment following organ transplantation (n = 3) or for underlying haematological and
solid malignancies (n = 3). Five of the 15 cases died within 30 days following diagnosis. Efforts to detect dual infections with different
Legionella strains will improve our ability to correctly elucidate the causative sources of infection and enhance our understanding of the
epidemiology of Legionella infections.
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Introduction
Legionnaires′ disease (LD) is characterized by pneumonia
caused by Legionella spp. These intracellular bacteria, which live
in water and other moist environments, multiply in amoebae.
According to a German study [1], almost 4% of all cases of
community-acquired pneumonia are caused by Legionella spp. It
is estimated that about 20 000 cases of LD may occur in
Germany every year but only about 500 cases are annually
diagnosed and reported [2]. Apart from under-reporting,
under-diagnosing of this disease also contributes to the
underestimation of the true number of cases. From 2007–
2010, 81.0 to 81.9% of the 23 834 cases of LD reported in
Europe to the European Working Group for Legionella
Infection (EWGLI) and from 2009 on to the European
Legionnaires’ Disease Surveillance Network (ELDSNet) were
diagnosed by urinary antigen detection [3–5] .
According to a review article from the Lancet, multi-
ple-strain infections have been shown in more than 50 human
pathogens [6]. The real frequency of multiple-strain infections
might be underestimated in many cases because of technical
limitations of detection. For LD it is not possible to identify
cases of dual infections with different strains using only urinary
antigen detection tests. Usually isolation of Legionella by
culture is required to identify cases with more than one
Legionella strain. A combination of culture and PCR/urinary
antigen detection can reveal information on a dual infection
with different Legionella species (e.g. case 15). Among the
European cases notified in 2007 to 2010 only 8.8 to 10.3%
were diagnosed by culture. In cases confirmed by culture only
one single strain of Legionella is generally identified [3–5].
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We report on an Austrian case of an infection caused by
two different Legionella strains. Recognition of this case raised
the question of how common are infections with more than
one Legionella strain.
Methods
The question of whether to ascertain information on further
infections due to two (or more) different Legionella strains in
Europe was put to the 35 European National Legionella
Reference Laboratories, through the European Working
Group for Legionella Infections (EWGLI), renamed as the
ESCMID Study Group for Legionella Infections (ESGLI) in
September 2012. These enquiries, to which all the Reference
Laboratories responded, revealed 14 further cases. Informa-
tion on such cases was provided by laboratories in Denmark
(six cases), Germany (four cases) the UK (four cases). Data for
the cases with dual Legionella infections on age, sex, underlying
disease, categorized as severe (including status after organ
transplantation and treatment for malignant disease) or
moderate (including acute and chronic respiratory disease,
chronic heart disease and status after surgical intervention),
category of exposure (nosocomial, travel associated or
community acquired), causative Legionella strains, source of
infection and outcome were collected and analysed. The
isolates of L. pneumophila sg 1 were serotyped by use of the
monoclonal antibody panel (MAb-types) described by Helbig
et al. [7]. All isolates were genotyped by sequence-based
typing (SBT) of seven genes according to Gaia et al. [8] and
Ratzow et al. [9]. Species of Legionella other than pneumophila
were confirmed by mip gene sequencing [10] or MALDI-TOF
(matrix-assisted-laser-desorption-deionization mass spectrom-
etry) [11]. We also performed a review of the literature of the
past 10 years focusing on dual infections with different
Legionella strains in terms of multiple Legionella strain infection.
Results
Case series
Case 1 from Austria, 2010: On 24 July a 70-year-old female
was admitted to hospital C with signs and symptoms of
pneumonia. The patient was diagnosed with Legionnaires’
disease (LD) by a positive Legionella urinary antigen test on 25
July. The patient died on 26 July. The underlying disease, a
bronchial carcinoma, had been known since 2009. The patient
received 11 cycles of intravenous cytostatic therapy, followed
by oral administration, but had developed brain metastasis and
also suffered from moderate stage chronic obstructive
pulmonary disease. The onset of LD was on 22 July. On day
1 and day 2 prior to LD onset (20–21 July), the patient was in
hospital B for a c-knife intervention; on day 2 to day 6 prior to
onset (16–20 July), the patient stayed at home; and on day 6 to
day 16 (6–16 July) the patient was in hospital A. In order to
locate the source of infection, efforts were made to gain a
post-mortem isolate. An autopsy was denied for religious
reasons and bronchial secretion taken prior to the patient’s
death was not available. Blood cultures obtained pre-mortem
on 25 July, which had given negative results by routine culture
methods, were still available and sent to the Austrian National
Reference Laboratory for Legionella Infections. Volumes of 0.1
and 0.5 mL from the bottles (Becton Dickinson, Heidelberg,
Germany) were directly plated onto glycin-polymyxin B-vanco-
mycin-cycloheximide (GVPC) agar and buffered charcoal yeast
extract (BCYE) agar. Legionella pneumophila serogroup (sg) 1
and sg 3 were detected by latex agglutination of several single
colonies followed by tests with monoclonal antibodies (MAb).
Based on the colony counts of the plates resulting in 10
colony-forming units per mL blood culture fluid and consid-
ering a dilution of 1:4, a concentration of about 40 Legionella
cells per mL blood was estimated.
Water samples were taken from locations to which the
patient had been exposed within the 10 days prior to disease
onset and were examined for Legionella according to ISO
11731-2. Table 1 shows the water sampling and the results of
the water investigation. Legionella was detected in low
concentrations in the water system of hospital A, hospital B
and the patient’s home. MAb-typing and genotyping by SBT
(Tables 1 and 3) proved that the patient acquired both the
strain of L. pneumophila sg 1 and sg 3 from the water system of
hospital A.
Case 2 from Denmark, 2002: a 47-year-old male who had a
kidney transplant, had onset of disease approximately 1 month
TABLE 1. Results of environmental sampling related to the
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sg 3, ST 93
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room, shower
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L. pneumophila sg 10 1–220 CFU/100 mL
CFU, colony forming units.
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after transplantation. L. pneumophila sg 3 and L. bozemanii were
isolated from a tracheal aspirate. The case was categorized as
probably community acquired, because the patient only stayed
in the hospital for 2 days during the 10-day incubation period
and no matching Legionella strains were found in the hospital
water systems. No other source of infection was found. The
patient recovered.
Case 3 from Denmark, 2004: a 61-year-old female with no
known underlying disease or risk factors. Two L. pneumophila
sg 1 strains of different MAb and sequence types (ST) were
isolated from a tracheal aspirate. The case was categorized as
travel associated, with a travel history to Thailand 3 to 14 days
prior to onset of symptoms. It was not possible to locate the
source of infection. The patient recovered.
Case 4 from Denmark, 2007: a 33-year-old female with
leukaemia. L. pneumophila sg 3 and L. pneumophila sg 6 were
isolated from a tracheal aspirate and a sputum sample. The
case was categorized as nosocomial because the patient was
hospitalized for 21 days before onset of symptoms, though no
matching Legionella isolates were found in the hospital water
systems. The patient recovered.
Case 5 from Denmark, 2007: a 60-year-old female with
chronic heart disease and status after heart operations with
complications. Two different isolates of L. pneumophila were
cultured from respiratory tract samples. One was identified as
L. pneumophila sg 3 and the second isolate could not be placed
in one of the formally described serogroups but belongs to
L. pneumophila type H (according to J€urgen Helbig, personal
communication). Both isolates belonged to the same ST. The
case was categorized as nosocomial because the patient was
hospitalized in an intensive care unit for 3 months before
onset of symptoms of LD. Legionella strains isolated from the
hospital water system matched both human isolates. The
patient recovered.
Case 6 from Denmark, 2011: a 75-year-old male with
chronic asthma, who was a heavy smoker until 4 years prior to
onset of LD. He had a heart attack and underwent several
pneumonia episodes before he was hospitalized. L. pneumo-
phila sg 6 and L. bozemanii were isolated from a tracheal
aspirate. The case was categorized as community acquired
because he stayed at home for approximately 10 days before
onset of the symptoms. Legionella spp. were isolated in low
concentrations from water samples of his residence but these
did not match the human isolates. The patient recovered.
Case 7 from Denmark, 2012: a 61-year-old male with
arteriosclerosis and a history of smoking and alcohol abuse.
Two L. pneumophila sg 1 strains of different MAb types and ST
were isolated from a sputum sample. The case was categorized
as travel associated, with a history of travel to Turkey 0 to
7 days prior to onset of symptoms. The patient was part of a
cluster of five Danish cases of LD associated with the same
hotel. L. pneumophila sg 1 isolates with the same MAb type and
ST were obtained from four of the cases. Legionella was not
found in the hotel water system during follow-up investiga-
tions. The patient recovered.
Case 8 from Germany, 2008: a 79-year-old female with
dilatative cardiopathy with insufficiency of the mitral and
tricuspid valves. Eleven days after cardiac surgery for recon-
struction of both valves she developed pneumonia. L. pneumo-
phila sg 1 was isolated from a sample of pericardial fluid.
L. dumoffii, confirmed by mip gene sequencing and MALDI-
TOF, was isolated from pericardial fluid as well as from pleural
fluid. The case was categorized as hospital acquired. Despite
intensive searches the Legionella strains could not be identified
in the hospital water supply. The patient died from septic
shock 18 days after hospitalization.
Case 9 from Germany, 2009: a 47-year-old female who had
received a heart transplant 1 year earlier. Two L. pneumophila
sg 1 strains of different MAb types and ST were isolated from a
broncho-alveolar lavage specimen. The case was categorized as
nosocomial and one matching strain was found in the hospital
water system. The patient died.
Case 10 from Germany, 2010: a 61-year-old male who
underwent surgical removal of a neurinoma and had no
immunosuppressive therapy. He developed pneumonia post-
operatively. Two L. pneumophila sg 1 strains of different MAb
types and ST were isolated from respiratory tract samples. The
case was categorized as nosocomial because the patient was
hospitalized prior to onset of LD symptoms. Both strains were
also found in the hospital’s water supply. The patient died.
Case 11 from Germany, 2011: a 26-year-old male with a
haematological malignancy. The patient had a co-infection with
influenza diagnosed by PCR from bronchial lavage material.
Two L. pneumophila sg 1 strains of different MAb types and ST
were isolated from respiratory tract samples. The case was
categorized as community acquired. No attempts to isolate
Legionella from the patient′s private residence were performed.
The patient recovered.
Case 12 from the UK, 1997: a 51-year-old female, who had
received a renal transplant 1 year earlier. She was admitted to
hospital with a severe group A streptococcal infection of her
leg after a trip to India. Fourteen days later, she developed
pneumonia. L. pneumophila sg 11, SBT 2, 10, 14, 28, 2, 5, 0 (no
result with neuA and neuAh primers) [12] and L. longbeachae
sg 1 were isolated from broncho-alveolar lavage. Initially the
case was considered to be travel associated, but because the
patient developed pneumonia 14 days after admission to the
hospital, the case was subsequently categorized as a nosoco-
mial case. No environmental investigations were undertaken.
The patient died.
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Case 13 from the UK, 2004: a 53-year-old male was
admitted to Hospital A with bone fractures after a brawl. The
patient was discharged from Hospital A after an overnight stay
but was admitted to Hospital B 4 days later. He developed
pneumonia 5 days after admission to Hospital B. The case had
a history of smoking and alcohol abuse but no other risk
factors were noted. L. pneumophila sg 1 and L. pneumophila sg 6
were isolated from broncho-alveolar lavage. The case was
categorized as nosocomial and both strains were recovered
from the water system of Hospital A. The patient recovered.
Case 14 from the UK, 2006: a 35-year-old male, who was
found nearly drowned in a partly submerged vehicle in a ditch
after a traffic accident and had hypothermia. He developed
aspiration pneumonia. No risk factors were known. The
patient died after 12 days in intensive care with multiple lung
abscesses diagnosed at post-mortem examination. L. pneumo-
phila sg 1 and L. pneumophila sg 6 were cultured from lung
tissue sampled post-mortem. The case was categorized as
community acquired but no samples were taken from the ditch
that the car was found in.
Case 15 from the UK, 2009: a 78-year-old female fell into a
river while taking her dog for a walk. She was admitted to
hospital in a confused state with hypothermia. She was
discharged after 3 days but readmitted to the hospital with
pneumonia after another 2 days. Legionella urinary antigen
tests gave indeterminate results; L. bozemanii was grown from
a broncho-alveolar lavage specimen gained after 10 days of
antibiotic treatment. Additionally, L. pneumophila was detected
by PCR. The case was categorized as probably nosocomial, but
Legionella spp. were not recovered from the hospital water
system and no samples were taken from the river the patient
fell into. The patient recovered.
Case data analysis
Data for the 15 patients with infections due to multiple
Legionella strains are summarized in Table 2 and characteristics
of the Legionella strains are given in Table 3. The median age
was 60 years (range, 26–79 years); 10 of the 15 (67%) patients
were older than 50 years. Eight of these patients (53.3 %) were
female. Six of the 15 (40 %) patients had severe underlying
conditions: status after renal transplantation (n = 2), status
after heart transplantation (n = 1), haematological malignancy
(one of them with an additional co-infection with influenza)
(n = 2) and bronchial cancer with current cytostatic chemo-
therapy (n = 1). Nine patients (60 %) had only moderate
co-morbidities or no risk factors were known. Among the
TABLE 2. Data provided on cases with dual infections with different Legionella strains
Case No. Country of residence Age Sex Underlying disease Outcome Category of exposure
Environmental
source identified
1 Austria 70 Female Severe Died Nosocomial Yes
2 Denmark 47 Male Severe Recovered Community No
3 Denmark 61 Female Not known Recovered Travel No
4 Denmark 33 Female Severe Recovered Nosocomial No
5 Denmark 60 Female Moderate Recovered Nosocomial Yes
6 Denmark 75 Male Moderate Recovered Community No
7 Denmark 61 Male Moderate Recovered Travel No
8 Germany 79 Female Moderate Died Nosocomial No
9 Germany 47 Female Severe Died Nosocomial Yes
10 Germany 61 Male Moderate Died Nosocomial Yes
11 Germany 26 Male Severe Recovered Community No
12 UK 51 Female Severe Died Nosocomial No
13 UK 53 Male Moderate Recovered Nosocomial Yes
14 UK 35 Male Moderate Died Community No
15 UK 78 Female Moderate Recovered Nosocomial No
TABLE 3. Data provided on Legionella strains from patients with dual infections with different Legionella strains
Case No. Site of isolates First isolate MAb type ST Second isolate MAb type ST
1 Blood culture L. pneumophila sg. 1 Bellingham 81 L. pneumophila sg. 3 n.a. 93
2 Respiratory sample L. pneumophila sg. 3 n.a. 371 L. bozemanii n.a. n.a.
3 Respiratory sample L. pneumophila sg. 1 Benidorm 42 L. pneumophila sg. 1 A/F 1002
4 Respiratory sample L. pneumophila sg. 3 n.a. 371 L. pneumophila sg. 6 n.a. 421
5 Respiratory sample L. pneumophila sg. 3 n.a. 337 L. pneumophila n.t. n.a. 337
6 Respiratory sample L. pneumophila sg. 6 n.a. 499 L. bozemanii n.a. n.a.
7 Respiratory sample L. pneumophila sg. 1 Benidorm 42 L. pneumophila sg. 1 Philadelphia 37
8 Pericardial and pleural fluid L. pneumophila sg. 1 Knoxville 1352 L. dumoffii n.a. n.a.
9 Respiratory sample L. pneumophila sg. 1 Benidorm 334 L. pneumophila sg. 1 Knoxville 179
10 Respiratory sample L. pneumophila sg. 1 Benidorm 8 L. pneumophila sg. 1 OLDA 1
11 Respiratory sample L. pneumophila sg. 1 Knoxville 51 L. pneumophila sg. 1 Oxford 1
12 Respiratory sample L. pneumophila sg. 11 n.a. n.t. L. longbeachae sg. 1 n.a. n.a.
13 Respiratory sample L. pneumophila sg. 1 Oxford/OLDA 59 L. pneumophila sg. 6 n.a. 187
14 Post-mortem lung L. pneumophila sg. 1 Oxford/OLDA 54 L. pneumophila sg. 6 n.a. 55
15 Respiratory sample L. bozemanii n.a. n.a. L. pneumophila by PCR n.a. n.a.
MAb, monoclonal antibody; ST, sequence type; n.t., not typeable; n.a., not applicable; A/F, Allentown/France.
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underlying diseases were status after heart surgery (n = 2) and
nicotine and alcohol abuse (n = 2). Surface water aspiration
was documented in two cases; it is unclear whether the water
was the source of infection or water aspiration was a
predisposing condition. Nine (60%) of the patients recovered
and six (40%) died.
Legionella spp. were recovered from respiratory tract
samples in 12 cases (including four cases with broncho-alveolar
lavage), and from lung tissue, pericardial fluid and blood culture
bottles in one case each. Legionella isolates were recovered
from all 15 patients: a total of 29 strains were cultured and, in
one case, Legionella pneumophila was identified by use of PCR.
A total of 14 isolates (48.3%) belonged to L. pneumophila sg 1.
Of these isolates, nine (64.3) were MAb 3/1 positive (Phila-
delphia, Knoxville, Benidorm, Allentown/France) and five
(35.7%) MAb 3/1 negative (Bellingham, Oxford/OLDA). A
total of 11 other strains (37.9%) of L. pneumophila were
determined, including sg 3 (n = 4), sg 6 (n = 4) and sg 11
(n = 1). One isolate of L. pneumophila was not typable with
monoclonal antibodies against sg 1 ̶ 15 and in one case
serotyping was not possible because only a PCR-product was
available. Five isolates (17.2%) belonged to Legionella other
than pneumophila: L. bozemanii (n = 3), L. dumoffii (n = 1) and
L. longbaechae sg 2 (n = 1). Nine cases (60%) were classified as
nosocomial. Of these, five were proven nosocomial cases with
corresponding environmental isolates. In four of these cases,
both human strains were found in hospital water systems, and
in one case, at least one patient strain matched with an
environmental isolate. In the four other nosocomial or
probably nosocomial cases, no matching environmental iso-
lates were available. Four cases (26.7%) were community
acquired and two cases (13.3%) were travel associated; also in
these cases no environmental isolates were available.
Discussion
The review of the literature of the past 10 years on infections
with different Legionella strains showed that these infections
are rare. Franzin et al. [13] reported a fatal case of nosocomial
co-infection of L. pneumophila sg 1 and L. bozemanii isolated
from post-mortem lung tissue from Italy. Buchbinder et al. [14]
described a dual infection of L. pneumophila with L. gormanii
diagnosed by fluorescent in situ hybridization (FISH) and
confirmed by polymerase chain reaction (PCR) in Germany.
Recently, Matsui et al. [15] reported a case of a dual infection
with L. rubrilucens and L. pneumophila (presumably sg 15) in
Japan. L. rubrilucens was isolated from the patient’s sputum and
L. pneumophila was detected by PCR and urinary antigen test.
L. rubrilucens and L. pneumophila sg 15 were also detected in
water samples from hot springs to which the patient was
exposed.
Infections with different Legionella strains account for about
0.3% of all culture-proven cases diagnosed in Europe in 2002
to 2012 (17 cases including the two published ones out of
about 5500 culture-proven cases).
We compared the 15 cases of dual infections with different
Legionella strains to all cases of LD registered in the European
case database from 2007 to 2010 [3–5]. The proportion of
females among cases of dual infections (53.3%) was significantly
higher as compared with the total European cases (given
around 27%).
The case fatality in patients with dual infection was 40 %,
comparedwith 6.6 to 10.8% annually among the European cases.
The higher case fatality in patients with dual Legionella-strain
infection may be ascribed to a higher frequency of severe
co-morbidity in these patients as compared with patients with a
single Legionella strain infection, as shown by St-Martin et al. [16].
Multiple-strain infectionsmaymore severely affect the host than
a single Legionella strain infection due to mutualistic pathogen–
pathogen interactions such as provoking immunosuppression,
which inhibit pathogen clearance and, therefore, increase the
risk of fatal outcome [6]. Age did not differ significantly between
the cases of dual infection and the European cases.
Of the 2101 human Legionella isolates registered at the
European database from 2007 to 2010, L. pneumophila sg 1
accounted for 87.39% (n = 1836). In cases of dual infection,
L. pneumophila sg 1 was found in only 48.3% (14/29). L. pneumo-
phila sg 2-14 or of unknown serogroups accounted for 11.04%
(n = 232) of the isolates registered at the European database,
comparedwith 37.9%(11/29) of the isolates obtained fromcases
with dual Legionella strain infections. In caseswith dual infections,
five strains (17.2%) belonged to Legionella species other than
pneumophila while in the European database only 38 (1.81%)
isolates are Legionella species other than pneumophila. L. pneu-
mophila sg 2–14 and Legionella species other than pneumophila
are usually considered to be less virulent than L. pneumophila sg
1. Among the L. pneumophila sg 1 strains, seven out of 14 (50.0%)
wereMAb3/1-negative strains, which are usually assessed as less
virulent than MAb 3/1-positive strains. This frequency is much
higher than that observed in culture-proven cases of LD infected
by a single Legionella strain [17].
The 23 isolates of L. pneumophila, for which results of SBT
were available, were compared with the sequence types (STs)
of the cases registered at the EWGLI SBT database [18],
comprising about 4000 human isolates up to November 2012.
Only five of the isolates were common STs (ST 1, 37 and 42),
which occur more than 100 times in the EWGLI SBT database;
two isolates were uncommon STs (ST 59 and 93), which occur
20 to 50 times. The other 16 isolates belonged to rare STs,
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which occur only one to nine times in the SBT database: ST 8,
187 and 334, 6–9 times; ST 81, 179, 337, 371 and 421, 2–5
times; ST 51, 54, 55, 499, 1002 and 1352, only once.
Our findings support the hypothesis of Balmer and Tenner
[6], who clamed that multiple infections are more likely with
less virulent strains and are also more likely in immunocom-
promised hosts.
Cases of dual infections with different Legionella strains are
likely to be under-diagnosed due to the small number of
culture-confirmed cases and insufficient typing. To reliably
discover cases of dual Legionella strain infections it is necessary
to select multiple colonies from culture plates for further
characterization, reasonably at least five colonies in total,
preferentially with different morphology.
Cases of dual Legionella strain infections, which are not
identified as such, could lead to false conclusions. For example,
in case 7 two MAb-subgroups, Philadelphia and Benidorm,
were identified. If only one strain was detected, the conclusion
could have been that the infection was due to a L. pneumophila
sg 1, subgroup Philadelphia, ST 37 strain, which would have
excluded the case as part of the travel-associated cluster.
Efforts to detect multiple Legionella strain infections will
improve our ability to correctly elucidate the causative sources
of infection and enhance our understanding of the epidemiol-
ogy of Legionella infections.
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